IX, SPECIAL STUDIES

A. Power Plant Plumes

1. Introduction

During the 1973 experimental program, a few days were
allocated for the sampling of point source plumes. The sampling was
exploratory in nature and was performed to develop and test sampling
procedures as well as to study the properties of the plume. Two power
plants were selected for tests. The plume from the Ormond Beach power
plant adjacent to the Point Mugu Naval Air Station was sampled on July 3,
1973, and the plume from the Moss Landing power plant was sampled on
January 9 and 10, 1974.

2. Ormond Beach, July 3, 1973

The Ormond Beach power plant is located on the coast
just west of the Point Mugu Naval Air Station and about five miles south of
Oxnard, California. The plant has a total capacity of 1600 megawatts
and two stacks, each about 230 feet tall, The plume was sampled
between 1345 and 1400 PDT on July 3, 1973. Since the flight was basically
a test flight, no prior arrangements were made to obtain ground data, and
only minimal data other than those taken by the aircraft were obtained.

Figure IX-1 shows the location of the plant and the plume
outline during the sampling period. The two dotted lines indicate the flight
paths through the plume. Two passes were made through the plume at
each of the two distances with the NOx monitor set for NO on one pass and
for NOx on the other.

The meteorology for the day was typical of summer sub-
sidence conditions. A strong subsidence inversion was based at about 1600
feet msl near the coast and extended to about 2100 feet. The inversion
was reinforced by the undercutting sea breeze and marine inversion near the
coast and was slightly weaker and higher inland. The inversion provided
a strong lid to limit vertical mixing. Winds at the surface at Point Mugu
during the sampling period were onshore (westerly) at about 7 mph, but
winds aloft observations down the coast at Los Angeles Airport and inland
at El Monte indicated that the sea breeze decreased with altitude and that
the wind speeds within the inversion layer were only 2-3 miles/hour.

Figure IX-2 is a vertical profile taken shortly before
the plume sampling at Ventura County Airport, about five miles northwest
(upwind) of the plant. The radiation inversion is evident in the figure, and
the marine inversion can be seen from about 500 to 1300 feet msl, A
layer of aged pollution exists within the marine inversion, and there is
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evidence of a plume at the bottom edge of the marine inversion. The
sea breeze is ventilating the area near the surface.

The dense layer aloft in Fig, IX-2 is curious in that
it is isolated from the surface and is lower than the mountains
surrounding the Oxnard plain. Light winds aloft make transport
from other areas difficult. A possible source of some of the pollu-
tants in the layer may be plumes from facilities in the Oxnard- Ventura
area with enough buoyancy to penetrate into the inversion layer. This
is indicated in Fig. I1X-2 by the small NO,, peak within the inversion
layer. This peak is probably due to another power plant directly upwind
of the airport. Since the winds were light aloft, and the sunlight intense,
effluents penetrating into the stable air would have had plenty of time to

react and possibly form the high levels of ozone and other photochemical
products present.

Figure IX-3 is a plot of the data from the first pass
through the Ormond Beach plume (path A-B in Fig. IX-1). This traverse
was made at about 0.9 miles downwind of the plant at 150 feet msl which is
slightly into the marine inversion. Itis clear from the figure that the plume
penetrates at least a short distance into this stable layer. The full vertical
extent of the plume was not identified since only a limited altitude range
was sampled at each location.

At the time of the sampling, both units of the generating
station were operating with one burning oil and the other burning gas. The
gas unit was generating about 700 megawatts while the oil unit was generat-
ing 560 megawatts. The double plume structure from the two stacks is
evident in Fig., IX-3. A double peak can be seen in the NOy, condensation
nuclei, and turbulence traces as well as a double ozone deficit due to
scavenging by NO. Only a single SO; peak is seen since only the oil-
fired unit was emitting SO; . One peak is definitely larger than the other
at this elevation, probably because of differences in plume height due to
the different loadings and fuel.

Some caution must be taken in using Fig. IX-3 to obtain
quantitative information. No instrument time response or transfer
function corrections were made in plotting the data, and it is possible
that concentrations in the plume could be higher than indicated. The
SO; instrument (a Theta-Sensor electrochemical unit) was not operating
correctly. Although it was calibrated properly, it experienced long
delay times in responding, and the time response to 90 percent was quite
slow. The SO; peak in Fig. IX-3 was shifted back to coincide with the
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The maximum NOx concentrations from
each traverse are plotted in Fig. IX-6 as functions of altitude and downwind
distance. The resulting plume contour map shows the plume dispersing
rapidly as it moves downwind, as was evidenced further by the more detailed
perpendicular cross-sections of the plume. Maximum measured NOx con-
centrations were 0.46 ppm 1/2 mile downwind and 0.11 ppm 2-1/2 miles
downwind.

A similar mapping of SO, maximum concen-
trations is shown in Fig, IX-7. 0.12 ppm and 0.02 ppm were the maxima
1/2 and 2-1/2 miles downwind, respectively. A note of caution must be
expressed with regard to all the SO; data. This instrument has a slow
response time (~ 20 seconds to 90 percent) and has a sensitivity of about
0.001 ppm. It was often operating near its limit of sensitivity. Thus, data
on the order of 0,01 ppm will have a large error bound, Other SOz data
taken close to the plant may be lower than the true concentrations because
of the slow transient response.

Figures IX-6 and IX-7 indicate that the plume
had an effective stack height roughly between 1500 and 2000 feet msl and
that it dispersed rapidly a short distance downwind.

In studying figures such as IX-6 and IX-7, it
should be kept in mind that these figures are composites generated over a
long period of time and are not true ""snapshots" of the plume. If conditions
remain steady state, these contours are accurate representations; but
if the stability or plant operating conditions change, the maps may be
distorted.

c. January 10, 1974 Morning Sampling
(1) Surface Meteorology

Offshore flow, with a southerly component
(about 145° at 3 mph) prevailed in the Moss Landing area in the early and
mid-morning during the sampling periods, but a northwesterly sea breeze
became dominant by 1300 (PDT), accompanied by scattered to broken
stratus. Visibilities increased from 15-20 miles at 0900 to 25-30 miles by
1300. Surface temperatures during the morning flight increased from the
high 40's to the lower 50's.

At 0930 PDT, a spiral above the Salinas
Airport showed a surface-based inversion to 400 feet followed by an iso-
thermal layer to 1300 feet and a neutral atmosphere to 3600 feet, where
another inversion began.
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(2) Plume Characteristics

At Moss Landing, the plume was located offshore,
to the west of the power plant. Sampling paths crossing the bay were set
up to traverse the plume at distances of 1 and 2-3/4 miles downwind from
the plant. At one mile downwind, traverses were made at 500 feet (msl) and
at 200 foot altitude intervals from 800 to 2600 feet. Six traverses were made
along the second path; however, the wind direction shifted gradually during this
series of traverses with the result that the plume was found further to the north
and thus further from the plant, on each successive traverse, The traverse
paths and the shifting plume position are shown in Fig. IX-8., During the
sampling, both units 6 and 7 were operating at about 450 megawatts with NOX
concentrations in the stacks of about 200 ppm.

»

A profile of the plume showing maximum NOx
concentrations from each traverse is shown in Fig. IX-9. The data from the
second set of traverses have been plotted at their straight-line distances
from the plant, although the actual distance traveled by the plume might be
greater due to the shifting wind direction.

Also shown in Fig. IX-9 are the temperature
profiles at the beginning and the end of the flight. Initially, the plume had
risen up through the isothermal layer (400 feet-1300 feet) and into the
neutral layer above. During the flight, the temperature structure changed,
resulting in a smaller isothermal layer between 1000 and 1400 feet and a
neutral lapse rate elsewhere up to 300 feet. The plume height was observed
to increase correspondingly toward the end of the sampling period during
the "2-3/4" mile traverse.

A similar contour plot of maximum SO, con-
centrations is shown in Fig., IX-10.

Figure IX-11 is a cross-section of the plume
perpendicular to the wind direction made from the one-mile traverses
showing NOyx concentration contours. Under the stable conditions ex-
perienced at the time of this mapping, the plume was smaller and more
compact than on the previous afternoon. The maximum recorded NOx con-
centration was 0.59 ppm. The major part of the plume extended between
altitudes of 900 and 1800 feet, with smaller portions found up to 3200 feet
and at 500 feet (msl). The 1400-foot traverse, one mile downwind, is shown
in Fig. IX-12. The NOx concentrations which are greater than full scale
in Fig. IX-12 have been more accurately determined from the data logger
records, in developing Fig. IX-11.

The traverse shown in Fig. IX-12 indicates a

well-defined plume structure similar to that seen at Ormond Beach with
peaks of NOg, SQ;, and condensation nuclei and an ozone deficit, indicating
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the plume. A major difference, however, is that this plume is surrounded
by clean air with an ozone level of about 0. 04 ppm.

From the figures presented, it is evident that
the stable conditions prevalent during this sampling period resulted in a
better-defined plume than on the 9th with higher concentrations downwind,
NOx concentrations greater than 0.2 ppm were still being measured at
about six miles downwind of the plant. These high concentrations were not,
however, ventilated to the ground. Even though the plant was operating at
a higher load than the evening before, the effective plume height at the
beginning of the sampling period (I-mile traverses) was about 1500 feet
msl, or slightly lower than on the 9th, probably due to the more stable
thermal structure. By the time of the ""2-3/4" mile traverses, the stability
had lessened, and the plume height had increased.

d. January 10, 1974, Afternoon Sampling
(1) Surface Meteorology

The afternoon onshore sea breeze started out
westerly and shifted to northwesterly during the sampling period. The winds
at the Moss Landing plant varied from 276° at 2 mph to 315° at 5 mph., A
stratus layer was present at an estimated 3500 feet, and visibilities along
the coast were about 15 miles. Surface temperatures were in the low 50's
(°F). The preliminary spiral above Salinas Airport showed a neutral tempera-
ture lapse rate to 3200 feet.

(2) Plume Characteristics

The plume was found to the ENE of the plant.
Three traverse paths were used to map the plume: 1.3, 2.5, and 3.7 miles
downwind. During the sampling, both units 6 and 7 were operating at 310
megawatts, and stack NOx concentrations were between 160 and 210 ppm.

Figures IX-13 and IX-14 are plume profiles
showing maximum NOx and SO; concentrations, respectively. Comparison
of these data to those obtained on the previous afternoon shows that the
plume was again dispersing fairly rapidly, although the plume was a bit
better defined than that found previously and was not spread out vertically
as much. At 3.7 miles, concentrations had diminished considerably from
the morning flight due to the decrease in stability, and possibly to an in-
crease in wind speed aloft., The maximum concentrations recorded were
0.23, 0.10, and 0.08 ppm NOx at downwind distances of 1.3, 2.5, and 3.7
miles, respectively, and 0.09, 0.06, and 0.02 ppm SO, for the same
distances.
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e. NO and NOX Concentrations

On the afternoon flight of 10 January, one
traverse at each downwind distance was repeated, measuring NO
instead of NO,. The peak NO, or NO readings from the original and
repeated traverses were compared and normalized to the peak SO,
readings., (Normalization was necessary due to fluctuations in plume
concentrations and variations in sampling position.) The results are
shown in the following table.

TABLE IX-II
NO, NO, RATIOS

NO Concentration

Distance NO, Traverse NO Traverse (Normalized to

Downwind Concentrations Concentrations NO, Traverse) NO/NOx

—({miles) (ppm) (ppm) - (ppm) (%)
peak NO : 0.220 0.100 0.09 _
peak SOQ(X) _ 1.3 0.09 0.06 0.06x0.100 = 0,150 68
peak NO 0.085 0.025 0.04 _
peak soz(x) 2.5 0.04 0.01 001 x 0.025 =0,100 118
peak NO ’ 0,080 0.035 0.02 )
peak SO 7 0.02 0.01 0.01 * 0-035 =0.070 88

The results obtained by this method are quite
approximate due to the crudeness of the normalizing process and to the
large error introduced by working with relatively small concentrations.

The results indicate that the majority of the oxides of nitrogen emissions
are in the form of NO., The uncertainty in the results is too large to permit
calculation of the NO to NOy conversion rate, but it appears to be fairly low
under these conditions. It is obvious from the data, however, that the
conversion rate is much lower than at Ormond Beach. Thus, the oxidant
and other pollutant background levels, and possibly the meteorology as

well, have a strong influence on the plume chemistry.

f. Plume Sulfate Concentrations

On each set of traverses, a pair of back-to-back
glass fiber filters was operated at one of the spare sampling inlets to collect
plume particulate matter for sulfate analysis. The filters were analyzed by
P. Roberts of the California Institute of Technology using an aerosol vapori-
zation technique., Discs cut from the filter are heated to about 1100°C,
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vaporizing the aerosol into a flowing airstream which passes into a flame
photometric detector for sulfur (Meloy SA-160). The output is electromically
integrated to obtain the total vaporized sulfur in the sample. Sulfur com-
pounds such as (NHy);SO, or H;SO, which vaporize and decompose below
1100°C are detected by this method. The detection limit is approximately
0.01 pg of sulfate (assuming all sulfur to be in the form of sulfate) per filter.
The purpose of using two filters is to determine the amount of SO, absorbed
by the filters. (Significant quantities are absorbed when plume concentra-
tions of SO; are high.) The total sulfur detected on the backup filter is
subtracted from the quantity found on the first filter to obtain the sulfate
concentration. This procedure assumes that all the aerosol is collected

on the first filter and that the two filters absorb SOz equally,

Concentrations of 0.01 to 0.02 pug sulfate were found
on most of the filters. There is a high uncertainty in these concentrations,
since they are so near the detection limit of the method. One filter contained
0.21 pg sulfate but was thought to have been contaminated and was discarded
from further consideration. To determine the extent to which conversion
of SOz to sulfate occurred in the plume, the total amount of sulfate collected
on each filter was compared to the total quantity of SOz which passed
through the filter. In this comparison, the total SOz sampled through the
filter was determined by integrating the SO, plume concentrations (as
measured by the SO, monitor) and multiplying the integrated total by the
flow rate through the filter:

Total SO; sampled =

/SOQ (ppm) dt x filter flow rate x 2, 85 x 10° (gm/L)/ppm

Time in plume
(1 ppm SO = 2.85 x 10° gm/liter at S.T.P. ).

For comparison on a molecular basis, SO, is taken as SOz (i.e., SO,
quantities are multiplied by-g—% ).

The SO, (as SOz) to SO, ratios for the Moss Landing
study ranged from 0.2 to 1.0 percent. Since the sulfate guantities were so
near the detection limit, these values should be taken as an upper limit of
the extent of conversion in the plume.

Calculation of reaction rates for the conversion
process using downwind distances and wind speeds as measured at the power
plant to determine reaction times gives results ranging from 0.3 to 3 percent
per hour. Again, this range represents an upper limit of the conversion rate
for the conditions experienced on these two days.

Improvements in the method of SO, collection are now
being investigated with the intent of increasing or concentrating the amount of
sample which is collected. This would increase the resolution of the results
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and could lead to better definition of the conversion process and the factors
which influence it.

4, Conclusions on Airborne Plume Sampling

Although the plume sampling performed during this program
was exploratory in nature, the results were quite interesting and proved
that an airborne sampling system is a valuable tool for studying plume
structure and chemistry. :

Both plumes sampled were virtually invisible yet were
easily identified by their high NOy, SO,, and CN concentrations and by
the deficit of ozone in the plume. The plume sampling pattern used for
the Moss Landing work proved to be successful for mapping out the plume
even though it was not easily visible by the crew.

Some of the other conclusions are listed below:;

1. The NO to NO, conversion rate in a power plant plume is a
highly variable quantity with strong dependence upon the con-
stituents of the background air into which the plume is emitted.
The conversion rate for the Ormond Beach plume with a high
ozone background was about 80 percent in one-half hour.

2. The conversion rate of SO, to sulfate in the Moss Landing plume
during the conditions studied was crudely determined to be
between 0.3 and 3 percent per hour. This estimate is in rough
agreement with estimates made by others in clean areas.

3. The plume height, dispersion rates, and concentrations were
found to be highly dependent upon meteorological conditions in
agreement with numerous previous dispersion studies. The
NOx concentrations in all the studies, however, were found to
be between about 0.2 and 1 ppm at one mile from the plant.
The initial stack concentrations for all the studies were about
200 ppm, indicating a dilution factor of 200 to 1000 within one
mile. ‘

4. There is evidence in the Ormond Beach data that emissions
from point sources can contribute to high concentrations of
pollutants in layers aloft near the coast and that these
emissions may eventually react photochemically to form
high levels of oxidant. This is important in that these layers
aloft can impinge upon elevated terrain or can be ventilated
to the surface if transported inland to an area of better mixing.
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B. Spatial Distribution of Pollutants in the Upland Area -
Possible Effect of Roadways

On October 4, 1972, a series of hcrizontal traverses were flown
by the aircraft in the area between La Verne and San Bernardino. The purpose of
the flights was primarily to examine the spatial structure of the pollutant
fields in the vicinity of Upland where anomalously high ozone observa-
tions are frequently recorded. Orthogonal horizontal flights were made
along the flight tracks as shown in Fig. IX-15, These tracks started
with a short north-south flight along Euclid Avenue in Upland from the
San Antonio Dam to the San Bernardino Freeway. A longer east-west
flight was then made along Foothill Boulevard from the vicinity of
Brackett Field (near Claremont) eastward to the western edge of San
Bernardino. Flights were made along these tracks at 2500, 3500, and
4500 ft msl at about 1000 PDT and about 1600 PDT.

October 4, 1972, was a typical fall pollution day with easterly
winds in the eastern portion of the Los Angeles Basin until about 1000 PDT.
Characteristically high oxident values occurred in the east San Gabriel
Valley after 1200 PDT, Figures IX-16 and IX-17 show soundings made
at Fontana (about 10 miles east of Upland) at 1102 and 1657 PDT in air
representative of that sampled during the horizontal traverses. Figure
IX-16 shows relatively clean air in the morning with low O3 and bgcat
values even in the lowest layers. The mixing layer depth at that time
was approximately 2800 ft msl as indicated primarily by the decreases
in turbulence and condensation nuclei values at about that level. By
late afternoon, there had been a considerable increase in Oaz and bgeat
values in the low layers to a height of about 2700 ft msl. Peak Os values
in this layer were slightly over 0.3 ppm. A peak ground level Oz value
of 0.36 ppm occurred at Upland during the hour beginning at 1600 PDT,
Pibal wind observations were made at Upland in support of the aircraft

flights. Wind directions and speeds at 1010 PDT and 1600 PDT are given
in Table IX-3.
TABLE IX-3

PIBAL WIND OBSERVATIONS - UPLAND

Time Height Direction Speed

1010 PDT 2000 ft msl 258° 5.6 mph
2700 026 3.5
3300 035 9.6
3900 037 13.8

1600 PDT : 2000 251 10.9
2700 256 4,2
3300 332 1.3
3900 030 4.3
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other peaks. The response time of all other instruments were much more
adequate but still resulted in slight differences in peak position.

Since the plume was emitted into a layer with very high
O; concentrations (approximately 0.4 ppm), a rapid rate of oxidation of
NO to NO; would be expected. This was checked in a crude manner by
comparing the NOx/NO ratio at the 0.9 mile distance with that at the 2,7
mile distance. Since NO and NOx were measured on different passes at
each location, the peak values were normalized to the peak SO; concentra-
tion on each pass. This assumes that S50O; is oxidized much slower than
NO and is thus relatively conservative and that the SO; data are good
enough for this purpose. The results are shown in Table IX-1. At 0.9
miles, the normalized NO reading is actually slightly higher than NOx,
and the actual peak NO and NOx values are equal, indicating almost no
conversion at this location. At the 2.7 mile point, both the ratio of the
peak values and the normalized ratios indicate that about 80 percent or
more of the NO has been converted to NOx. At a wind speed somewhere
between 3 and 7 mph, this conversion has taken place in 15 to 35 minutes.
An indicator of consistency in the data is the fact that the NOx/SO; ratios
at both distances are roughly equal, indicating comparable dilution of both
species.,

The data and sampling procedures for Ormond Beach
were quite crude, but much useful information was obtained. By the time
of the sampling at Moss Landing, the procedures were more refined, and
better data on the plume structure were obtained.

TABLE IX-1
CONVERSION OF NO TO NOX IN ORMOND BEACH PLUME

Pass # Distance NO or NO(y) Peak Peak NO(x) NOx Normalized
(miles) NOx Value S0, Lo NO  NOx/NO
{ppm) {ppm)
1 0.9 NOx 1.04 0.30 3.5
} 1.0 0.74
2 0.9 NO 1.04 0.22 4,7
3 2.7 NO 0.10 0.1-0.14 0.7-1.0
} 5.6  3.7-5.3
4 2.7 NOx 0.56 0.15 3.7
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3. Moss Landing Power Plant
a. Introduction and Procedures

The Moss Landing Power Plant was chosen for
study because of ARB interest in obtaining data for that plant and because
it presented a situation which contrasted with that at Ormond Beach. The
plant is located on the central California coast about 12 miles north of
Salinas. It has seven operating units with a total capacity of roughly 1500
megawatts; however, Units 6 and 7 generally account for about 90 percent
of the plant's output. These two units have an output of about 500 mega -
watts each. During the sampling period, the plant was burning oil.

The plume was sampled in cool overcast winter
weather during conditions varying from slightly stable to unstable. The
plume was emitted into clean air with approximately background level
o0zone concentrations (0.04 ppm). Three sampling flights were made on
9 and 10 January 1974 and will be discussed here. Surface streamlines
and meteorological data for those days can be found in the 1973 data volume.
The plume characteristics for each flight are discussed first, then
analyses of the conversion rates of NO to NO, and SO; to sulfate in the
plume are presented,

Salinas airport was used as a base of operations for
all the sampling flights. The normal procedure after takeoff was to obtain a
vertical profile above the airport in order to document background gaseous
and particulate concentrations and meteorological parameters, particularly
the temperature structure,

The Moss Landing stacks were then circled to locate
the plume by instrument response. Once the direction of the plume was
established, traverse paths crossing the plume at various downwind distances
were selected. A typical sampling pattern is shown in Fig. IX-4. The
first sampling was done along the traverse path nearest the plant, flying
along this route repeatedly at a series of different altitudes. The lowest
altitude was below the plume, if possible, or as low as safety would permit.
Sampling altitudes were successively increased until one or two traverses
were made above the plume. This procedure was then repeated along each
traverse path. An additional vertical sounding through or near the plume
was made at the end of each flight,

Data from each plume sampling flight were reduced,
and the relevant meteorological and pollutant parameters were plotted as
a function of time (equivalent to distance) for each traverse. Cross-sections
and contour maps of the plume were developed from these data. Although
humerous parameters were measured, only NOyg, and sometimes SO, con-
centrations were used in the contour maps since they are considered to be
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PLUME SAMPLING FLIGHT PATTERN FOR INVISIBLE

PLUMES. POINTS A,

Fig. IX-4.

C, AND D ARE GROUND

2

B

REFERENCE POINTS WHICH SHOULD BE LAYED OUT

BEFORE FLIGHT.
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the best plume indicators. In addition to the aircraft data, some wind and
plant operational data were obtained from Pacific Gas and Electric Company,
operators of the plant.

One of the problems encountered in the aircraft
monitoring of stack plumes is that most instruments do not respond rapidly
enough to short pulses of pollutants to accurately measure their concentra-
tions near the source. The errors involved can be large. MRI has recently
performed a study of instrument response characteristics and has developed
a mathematical technique for correcting for transient response. Application
of this program to plume data corrects the recorded data to the actual plume
concentrations. Since this correction has not been applied to the data in
this report, it should be kept in mind that the concentrations reported may
be significantly lower than the true concentrations for the narrow portions
of the plume close to the source.

All times mentioned in this section are PDT, and
altitudes are relative to mean sea level (msl) unless otherwise noted. Ground
elevation at the Moss Landing plant is approximately 20 feet, and the stacks
are 500 feet high.

b. January 9, 1974 - Afternoon Sampling
(1) Meteorology

General overcast conditions prevailed in the
Monterey-Salinas area throughout the day; the base of the stratus deck was
estimated to be at about 3500 feet (msl) above Moss Landing at the time of
the afternoon flight. At mid-afternoon, a westerly sea breeze had penetrated
most of the area, but by evening, it remained only in the northern half of
the Salinas Valley. Surface temperatures throughout the afternoon were in
the low 50's, and visibilities ranged from 15 to 20 miles.

(2) Plume Characteristics

Aircraft sampling began at 1540 PDT with a
sounding above the Salinas Airport showing a neutral lapse rate to at least
2800 feet. Surface winds at Moss Landing were from the west at about
4 mph, although the plume location indicated a more southwesterly flow at
plume altitudes. The approximate plume location and the traverse paths
for this flight are shown in Fig. IX-5. The first series of traverses was
made 1/2 mile downwind where the plume was mapped by a number of tra-
verses between 1000 and 3000 feet (msl). Plume sampling 2-1/2 miles
downwind consisted of five traverses in the same altitude range. During
and prior to the sampling period, units 6 and 7 were each operating at
about 250 megawatts and in-stack measurements indicated about 210 ppm
of NOx in the exhaust of each stack.
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These observations indicate a strong directional wind shear
at about the 2700-ft (msl) level which represents the top of the mixing
layer in reasonable agreement with the aircraft soundings.

Figure IX-18 shows the records obtained for bgeat, Os, CN,
and NOy along the five-mile route from San Antonio Dam to the San
Bernardino Freeway during the afternoon flight (2500 ft msl ). Major
variations in all of the pollutant parameters can be seen at flight level
with a high degree of correlation between the various parameters. The
small time lag between the O and bscat peaks is attributable to
differences in instrument time response,

An examination of possible reasons for the large variations
in pollutant levels shown in Fig. IX-18 turned up a possible correlation
with major highways in the area. Locations of these road systems
(perpendicular to the flight path) are shown in the figure. The principal
area of influence appeared to be associated with the San Bernardino
Freeway. At the other end of the flight path, the terrain is higher
relative to the flight altitude so that the increases near San Antonio Dam
may reflect general surface heating effects,

Traverses were made along the same flight path at 3500 ft
msl and 4500 ft. These data have been used to construct the vertical Os
cross-section shown in Fig. IX-19, Although considerable smoothing
has been introduced due to the 1000- ft flight level differences, the

pollutant peaks remain definable to 4500 ft msl although in a considerably
damped manner.

Figure IX-20 shows a portion of the traces observed on an
east-west traverse along Foothill Boulevard., The data were obtained
during the afternoon flight at a level of 2500 ft msl. Although considerable
fluctuations are evident in the data, the peaks are not as pronounced as in
the north-south traverse. There are indications, however, that Indian
Hill, Mills, and Euclid Avenues may have significant correlations with
the pollutant levels at flight altitude. It should be remembered that the
wind (Table IX-3) was nearly parallel to the east-west highways but
perpendicular to the north-south streets. Pollutant variations due to the

highways would consequently be more pronounced on north- south flight
traverses,

Figure IX-21 shows the results of a morning flight on a north-
south route similar to Fig. IX-18. 1In this case, the principal pollutant
characteristic is a large increase in condensation nuclei near the San
Bernardino Freeway. In view of the relatively clean background air
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during the morning flight (Fig. IX-16), condensation nuclei would be
expected to be a major pollutant parameter close to the freeway.

Both morning and afternoon flights at 2500 ft msl were made
near the top of the mixing layer where vertical gradients in pollution
parameters are relatively large. Thus, upward displacements of

. surface air parcels to the top of the mixing layer could easily explain the

occurrence of such large variations as were observed. In addition, the
existence of such effects at flight levels somewhat above the normal
mixing layer top (Fig. IX-19) argues in favor of upward displaced air
parcels of a buoyant nature. Peak pollutant values observed near the top
of the mixing layer were about the same as those characteristic of the
surface conditions. It is therefore considered likely that the major
variations occurred during traverses such as Fig. IX-18 result from
buoyant line sources associated with the principal highways in the area.
The highway traffic pollution undoubtedly contributes to these peaks, but
most of the pollution observed at flight level appears to result from the
displacement of surface air upward. Although it is beyond the scope of
this study, it is reasonable to expect that the main source of the buoyant
air is the heating of the roadway surface rather than the heat energy
introduced by the cars themselves. ‘

C. Aerosol Sampling for Electron Microscopy

The two aerosol parameters monitored continuously during
the three-dimensional pollutant gradient study were the light-scattering
coefficient and condensation nuclei count. These observations were
complemented by selective sampling of aerosol for direct observation
with a transmission electron microscope. Aerosol was collected by a
five-stage round jet inertial impactor with nominal cutoff diameters of
0.25 (stage 5), 0.5 (4),2.0 (3), 4.0 (2), and 8.0 (1) microns, and studied
under the transmission electron microscope at W. M. Keck Laboratories,
CalTech. Figures IX-22a, b, ¢, and d show typical electron micrographs
of samples on stages 4 and 5, which collect most of the light- scattering
particles (Fig. V-25),

For reference, Fig. IX-22a shows aerosol collected on
impactor stage 4 near ground level in Pasadena. The electron micro-
graph shows both solid particles (with white shadows) and liquid droplet
residues (with practically no shadow).

Figures IX-22b and ¢ show aerosol collected on impactor
stage 5 in an elevated pollutant layer at 2100 ft msl over Pasadena. The
electron micrographs show two areas of the same electron microscope
grid, Fig. IX-22b being closer to the impaction jet centerline than IX-22c.
Contrasts between these elevated samples, which represent predominantly
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aged aerosol, and the ground level sample of Fig. IX-22a, which
represents a mixture of fresh and aged aerosol, are apparent,

Nearly all of the particles appearing in Fig IX-22b and ¢ are
liquid droplets. Without exception, each of the droplet residues contains
a nucleus of high electron opacity. These nuclei, most of which have
diameters of about 0.02 microns and resemble pPoppy seeds in the
electron micrographs, are similar in appearance to particles present in
large numbers in automobile exhaust. The above observations strongly
suggest that the aerosol at 2100 ft grew by heterogeneous nucleation on
solid primary aerosol particles. It has previously been hypothesized
(e.g., Husar and Whitby, 1973) that this is the primary mechanism of
photochemical aerosol production in the Los Angeles Basin.

Many of the larger droplet residues in Fig. IX-22b and c
contain numerous nuclei. This is due in part to superposition of droplets
on the impactor stage. It appears also to be due in part to coagulation

in the atmosphere of droplets with both other droplets and with primary
nuclei.

In Fig. IX-22d, a droplet residue from impactor stage 4,
which was collected at the same time as the samples shown in Figs. IX-
22b and c, is magnified to the point where the structure of its nucleus
can be seen. The opaque nucleus has a cubical shape and a diameter of
about 0.07 micron. The cubical shape suggests that the nucleus is a
salt crystal,
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Appendix A

AIRCRAFT AND VAN INSTRUMENTATION

A, Discussion of Instruments

This section discusses in detail the instruments chosen to monitor
pollutants in this study. The aerosol sensors selected were the MRI
Integrating Nephelometer and the Environment One Condensation Nuclei
Monitor. These instruments were found to be the zerosol samplers best
suited to the aircraft environment which requires ruggedness and fast
time response. The integrating nephelometer described by Ahlquist and
Charlson (1968) measures the scattering coefficient of the ambient air by
detecting the light scattered from an illuminated air sample. The
scattering coefficient is inversely proportional to the meteorological
range and proportional to the mass concentration of the aerosol. The
scattering coefficient is primarily due to particles in the 0.1 to 1.0
micron diameter size range,

The condensation nuclei monitor described by Rich (1970) is
sensitive to particles less than 0.1 micron in diameter. The instrument
humidifies an air sample and expands it in a cloud chamber, causing
condensation on the particles in this size range. The resulting cloud
attenuates a light beam which is focused on a light-sensitive element.
Use of both the condensation nuclei monitor and the integrating nephelo-
meter thus allow measurements of particle concentrations in two
important size ranges.

The gaseous monitors measured carbon monoxide, NO or NO.,
and ozone. The Andros CO monitor uses the dual isotope fluorescent
source nondispersive infrared absorption technique described by Link
et al (1971); the principal advantage of this technique is the lack of
sensitivity to vibration. The Bendix CO monitor in the van uses the usual
nondispersive infrared absorption technique.

The REM O3 and NO-NOy monitors are both chemiluminescent _
devices. The ozone monitor detects the reaction of ozone with ethylene.
The NO-NOx monitor observes the reaction between NO and internally
generated ozone; NOx can be measured by first passing the sample
through a catalytic converter which reduces NO, to NO.

Prior to the 1973 sampling program, a number of modifications
were made to the REM NO-NOy and the Andros CO monitors. These
included the replacement of the stainless steel converters in the NO-NOx




T,

monitors with molybdenum ones and the modification of the sample chamber
to operate under a partial vacuum instead of at atmospheric pressure. This
resulted in an increase in the lifetime and specificity of the converter, and
increased sensitivity and zero stability. Data obtained using this modified
equipment were superior to that obtained during the 1972 proéram. Modifica-
tions to the CO monitor consisted of the installation of zero filters (hopcalite)
in both aircraft to allow periodic checks during flights.

The meteorological parameters of temperature, relative humidity,
and turbulence were monitored with an MRI Airborne Instrument Package.
The ambient temperature outside the aircraft is measured by a vortex
temperature sensor using a thermistor for the sensor. The relative
humidity sensor uses a strain gauge to measure the stress on a cellulose
fiber, the accuracy of the measurement being about #5% RH. Turbulence
is measured by an MRI Universal Indicated Turbulence System
described by MacCready et al (1965). The sensor is a standard pitot-
static probe connected to a Validyne P-24, 0.7 psi D differential pressure
transducer. The instrument measures pressure fluctuations in the 2 to
40 Hz range and the signal is processed to give an output proportional to
the energy dissipation rate to the 1/3 power. The scale of 0 to 10 cm™3
sec™! spans a range from calm air to what is considered severe turbu-
lence for a light plane. The output of the instrument is independent of the
type and speed of the aircraft.

B. Description of Aircraft Sampling System

Figure A-1 shows the arrangement of the instruments in the Cessna
205 aircraft. The sample inlet tubes were installed in a dummy window
panel on the right-hand side of the aircraft. There was no interference
between the sample inlet and the engine exhaust located under the engine
cowling. The effect of the propwash and slipstream on the sample was
reported by Adams and Koppe (1969) to be unimportant.

Figure A-2 shows the sample flow piping in the same aircraft. The
instruments exhaust into the cabin; the venturi exhaust, however,
guarantees cross ventilation to remove any noxious gases emitted from
the instruments. The cabin is also vented to the atmosphere through the
tail of the plane to keep the cabin- atmosphere pressure difference to a
minimum.

Ram pressure is used to move air through the large 1-3/4 inch
inlet tubes during flight. Since there were very few flow restrictions, the
velocity in the large sample tube was on the order of the airspeed of the
aircraft. The gas monitors are connected to the inlet manifold by a short
length of 1/4 inch O. D, teflon tubing. The residence time in the sample lines
was less than one second for all instruments. Static ports in the manifold
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were used for the flow-sensitive chemiluminescence ozone and NOy
monitors to prevent changes in flight speed from affecting the output of
the instruments.

Figure A-3 is a schematic diagram of the instrument wiring system.
The output of each instrument is directed through the junction box to the
input of the data logger. All instruments are plugged into the junction box
with banana plugs, thus permitting any necessary wiring changes. Instru-
ments can be added to or removed from the data system with ease. The
VOR, DME, and M/8 boxes in Fig. A-3 are part of the position recording
system and are used to detect the radial and distance from a radio
station. The tape code is used to label one of the channels on the ta}ge as
a backup identification system. The Mode/Event switch is used to mark
events during the flight; ten different modes with ON/OFF positions are
available,

The electrical output from each monitor is fed to a Metrodata
20-channel recorder where it is converted to a digital form and recorded
at one-minute intervals, Data loggers with zero to 10-volt input ranges |
were used during the 1973 program eliminating overranging problems
incurred during the 1972 program when five- volt data loggers were used.

The Cessna 310 was set up almost identically to the 205, The
wiring and sample flow diagrams were essentially identical although the
instruments were placed in different positions inside the aircraft due.to
differences in aircraft configuration.

Figure A-4 is a photograph of the Cessna 205 showing the sampling
ports. Figure A-5 shows the inside of the 205. Figure A-6 is a photo-
graph of the 310 and Fig, A-7 shows the instrument installation in the 310,

C. Description of Van Sampling System

The basic truck was a 1966 International Metro which was refurbished
for this project. It was equipped with instrumentation similar to that in
the aircraft, the main difference being the CO monitor and the meteorologi-
cal sensors. The van instrumentation is listed in Table II-2 of the text.
Other instruments were included in the van and are shown on the plumbing
and wiring diagrams but were not used during this program. Monitoring
equipment was installed in racks such that each monitor was guaranteed
reasonable access for maintenance and was positioned as close as
possible to the sample inlets. All monitors could easily be observed for
proper operation. Sample inlets consisted of Type I PVC, two-inch I.D.
pipe which penetrated the floor and roof of the van. A small fan exhausted
the sample tube below while new sample air was drawn in from above. On
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top of the van, a six-foot extension, terminating in a double T fixture, was
mounted, yielding a total sample length of about 12 feet. This column of
air was renewed every four seconds. Each gas monitor drew its sample
through teflon tubing connected in a T to the vertical sample column.

The condensation nuclei counter, thermometer, etc., were fed via
Tygon tubing from the same air column, A second similar sample column
fed the nephelometer. A third vertical column fed a Lundgren impactor.
Figure A-8 shows a schematic of the left side of the van and Fig. A-9 is a
schematic of the right side. Figure A-10 shows the overall floor plan
from above. Figure A-11 is a photograph of the van and Fig. A-12 is a
photograph of the inside of the van. '
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Appendix B

INSTRUMENT CALIBRATION AND LIMITATIONS

This section discusses the calibrations and limitations of the
instruments employed in the aircraft.

1, Ozone Monitors

The REM ozone monitors were among the most reliable of the
instruments. They showed little zero drift with temperatures below 90°F
and were rezeroed when the temperature was above 90°F. Zero points were
checked daily during the sampling programs by turning off the sample pumps.
The largest cause of error in ozone readings was variation in flow rate. The
flow is measured by a ball-type flow meter which is accurate to only about 5%
and is controlled by a small vibrator pump which periodically changes its out-
put slightly., The combined errors probably make the absolute values of ozone
concentration accurate to 0,005 ppm or *15% of reading, whichever is higher.
The variation within a single spiral, however, should be less than 0,005 ppm
or 5% of reading.

2, NOx Monitors

The NOx monitors were found to maintain their span calibra-
tion extremely well with maximum variations during both programs of
about 10% of reading. The flow is controlled by a critical orifice system
which holds the mass flow quite constant, and the electronics are stable.
The temperature stability of the instrument, however, was poor during
the 1972 sampling program. The instruments depend upon a cooler to
keep a photomultiplier tube at constant temperature. The instruments
were essentially prototypes and were overly sensitive to temperature
changes and experienced problems in the cooler circuitry. As a result,
the zero would occasionally drift as much as 50% of scale. This problem
was essentially alleviated before the 1973 program with the replacement
of the stainless steel converters with molybdenum ones and the modifica-

tion of the sample chamber to operate under a partial vacuum instead of
at atmospheric pressure.

The NOyx data from the 1972 program have been artificially
shifted to put the concentration equal to zero in regions of 'clean'' air.
The variations in concentration during a spiral are usually representative,
and much can be learned from them; but the absolute zero point is
generally only a guess. Other questions about the steel converter make
the absolute span calibrations questionable as well for 1972. In cases
where an NOy monitor was obviously malfunctioning during a flight, the



data have been omitted. In questionable cases, it has been noted. This
was not the case for the 1973 program where little data were lost due to
zero point or calibration problems.

3. CO Monitors

During the 1972 program, the Andros CO monitors experienced
problems almost identical to the NOx monitors. The spans were checked
every few weeks and were found to be constant to within 10%, but the zero
point was found to be a strong function of temperature. The instruments
were zeroed using a Hopcalite filter before each flight but would generally
drift during a flight. The data were, therefore, handled in the same
manner as the NOx data.

Permanent installation of Hopcalite filters in both aircraft
prior to the 1973 sampling program enabled observers to make periodic
checks on the CO monitors before and during flights, This resulted in
data of a higher caliber from the 1973 program than that obtained in 1972.

4, Integrating Nephelometers

The integrating nephelometers functioned quite reliably
throughout both sampling programs. All data should be accurate to about
20,1 x 107* m~*, or 10% of reading, whichever is higher.

5. Condensation Nuclei Monitors

These instruments were not calibrated after they left the
factory, but on their arrival at MRI they read within 15% of one another.
At the end of each sampling program, they agreed within 30%. For this
type of instrument, this is an acceptable margin of error, and except
for altitude corrections, no adjustments were made to the data. These
instruments experienced numerous mechanical problems, but malfunctions
generally resulted in complete and obvious loss of data. On these
occasions, CN data are deleted and noted.

6. Temperature and Humidity Sensors

The temperature sensors used in both programs functioned
well and are accurate to about #0,5°C. The humidity sensors used on the
aircraft, however, suffered from slow time response and variations in
calibration. In general, they are accurate to about £5% RH but
occasionally can be as much as 10% RH off. The degree of RH change
during a single spiral, however, should be accurate to within 5% RH.



Appendix C

DATA PROCESSING SYSTEM - DETAILS

A. Data Processing Equipment

1. Computer and Related Hardware

The heart of this computing system (Fig. C-1) is a Digital
Equipment Corporation PDP-8I general purpose digital computer. This
computer comes equipped with 4096 words of core memory and an
additional 4096 words of core memory were added for this project. The
ASR-33 Teletype is the standard means of communicating with this
computer.

In order to provide rapid access storage capacity for processing
data and generating programs, two disk memory units were added to the
system. Each DEC disk has a storage capacity of 32,000 words.

Two PERTEC standard synchronous write/synchronous read
seven-channel digital tape drives are an essential part of the system,
permitting storage of the data on magnetic tape. The Model 6x60 tape
drive can handle up to 12-inch diameter reels (2400 ft of tape) and has a
character transfer rate of 30 K Hz at 37.5 ips at a bit packing density of
800 cpi. The Model 7x20 is limited to seven-inch diameter reels (600 ft),
has a character rate of 20 K Hz at 25 ips at a bit packing density of 800 cpi.
These drives can read or write tapes in industry compatible format
allowing interchange of tapes with other computer installations.

A Metrodata DL 622 A tape cartridge reader was installed to
process the data logger tapes. This unit was equipped with an internal
interface for the PDP-8, A Metrodata GR-109 off line tape rewinder was
purchased to speed processing. The final peripheral device is a Potter
Instrument Company LP3000 line printer. This device prints at a rate of
135 lines per minute at 132 characters per line, permitting a fast printout
of the data listings and plots in a wide page format,

2. System Software

The PDP-8 system at MRI is large enough to support a new
operating system developed by Digital Equipment Corporation called the
OS/8. 0OS/8 has a versatile keyboard monitor to control the flow of
programs and a library of system programs permitting program develop-
ment using FORTRAN or assembly language. These system programs
include:
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(1) Symbolic Editor to create or modify source files for
use as processing programs.

(2) Peripheral Interchange Program to transfer files
between devices in the OS/8 system.

(3) FORTRAN compiler, SABR assembler, Linking
Loader, and library function routines. The FORTRAN
has chaining, device independent Input/Output, permits
imbedded assembler language statements, and can be
compiled, loaded, and executed with a single teletype
command,

Special utility programs, called DSKSAV (disk save) and DSKRST
(disk restore), are used to write the contents of the disk on magnetic tape or
to read the magnetic tape and write on the disk. These programs allow a fast
conversion from one set of programs to another (within 1/2 minute), minimiz-
ing dead time. A general purpose program to dump the contents of a magnetic
tape on the line printer was also written to aid development of the tape handling
programs.

B. Data Processing - 1972

This section details the data processing system in operation during
the 1972 program. This system was subdivided into three sections:

(1) Fast turn around which results in line printer plots
and listings, and data storage in an archive tape.

(2) The reduction of the data into a verified, edited tape.
(3) The use of the verified tape for data analysis.

In time sequence, the fast turn around phase was completed within a day
after the flight, the production of the verified tape within a few months,
and the data analysis will continue over a longer time scale.

1. Fast Turn Around Data Processing

The data flow for the fast turn around data processing
is shown in Fig, C-2. The 1/4-inch data logger tape cartridges were
checked out from the MRI computer center to the field personnel for the
flight sequence. During the field measurements, a data sheet was
maintained and an audio tape recorder was used to gather information
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which might be used in data reduction after the flights. At the end of the
day, the tapes were checked in by the field personnel along with the data
sheets and audio cassettes for each flight.

At MRI, the cartridges were rewound and dumped directly,
with no editing, in data logger units (voltage x 2) to paper copy for backup
and quality control of the data. Ejuipment malfunctions such as open
circuits, intermittent operation, and many other problems could be
detected at this point. An assembler language program DMET!1 (Dump
Metrodata) was used for this operation. The program reformatted the
complementary BCD on the data logger tape into ASCII characters. The
program DMTO1 (Dump Metrodata on Tape) was used to reformat, edit
the data logger information and transfer to 1/2-inch magnetic tape. Any
character that was not a number or a sign was edited out during the
transfer, If more than four errors were edited from the data, a message
was written on the Teletype.

The 1/2-inch tape was recorded in binary with a density of 800
BPI odd parity. The tape format is shown in Fig. C-3. Binary tape
format was used for maximum packing of data on the tape and to minimize
programming when reading the tapes on other computers. The identifica-
tion headers facilitated location of the various flights for future data
reduction. The number assigned to the Metrodata cartridge was used as
the flight identification number for the data. The data were blocked records
of ten Metrodata records of 20 three-digit integers with sign (12 bit
computer word). All of the flights for one day (usually six) could be
recorded on a 1200-ft reel of 1/2-inch tape, allowing each day to have a
unique volume number.

The programs LMTA5 (List Magnetic Tape Airborne every
five seconds) and LMTGS5 (List Magnetic Tape Ground every five seconds)
were used to list the data from the 1/2-inch magnetic tape every five
seconds (a good time increment for viewing the data) in engineering units.
An example of the output is shown in Fig. C-4. Identical programs were
written early in the project to dump from the Metrodata data logger
cartridge. Listing from the archival data tape was preferred to listing
from the Metrodata cartridge because of the faster data transfer and the
ability to compare these data to the data logger dump to verify that all of
the data had been saved. An important system quality control step was to
dump the archive tape on an IBM computer system to check the adjustment
of the tape transport. This ensured that the tapes could be read at a later
time on other computer systems.
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The data were then plotted on the line printer using the plot
programs. The PLOT3 program was used to plot the airborne data.
The data were usually sorted into an array corresponding to 100-ft
altitude increments. An example of the output is shown in Fig. C-5.
The program PLOT4 was used to plot the ground van data. The van
data were plotted in "strip chart' form with the option of any averaging
time. An example of the output is shown in Fig. C-6.

All the outputs were annotated with basic information such
as location, date, time, altitudes, and any malfunctions or problems with
instruments. The annotated computer output, flight maps, and data sheets
were assembled into data packages for the day. This data package was
combined with the description of the meteorology to form the basic
analysis package.

2. Data Reduction to Produce an Edited Tape

The quick turn around data and all other information pertinent
to the flights were used to verify the data on the archive tape. Instrument
malfunctions and operational problems were identified, This information
formed an input into the data reduction process. The data flow for this
segment is shown in Fig, C-7.

The program CLEAN is a general purpose data correction
program. The data in any channel could be corrected with a slope and
offset. The slopes and offsets were punched into paper tape for automatic
operation, and the corrected data were transferred to a 600-ft reel of
magnetic tape. Only the data recorded during the spirals were corrected
and transferred to the edited tape. The program has options to use
either the event mark or time to locate spirals on the tape, allowing use
on tapes with a wide variety of recorder and operational problems.

The pressure altitude measured by the AIP is converted to
an altimeter altitude using the NACA standard atmosphere equation and
the aircraft altimeter observations to correct for the offset (barometric
pressure). The Oz and CO readings were corrected for density changes
with altitude by factors of (NPo/p ) and (py/p), respectively. The base
level pressure is 1013, 25 mb and the base temperature is 15°C for the
reference density corresponding again to the NACA standard atmosphere.

The format for the edited tape was quite similar to that shown
in Fig. C-4 for the archive tape with the exception that before each spiral
there was a block containing information about the spiral such as the
offsets and slopes used to adjust the data, the mixing depth for the spiral,
and a spiral identification number. There is sufficient information on a
tape to allow a future user to reconstruct the raw data if necessary and to
identify the spiral location.
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The punching of the paper tape containing the data corrections
is very time-consuming if performed manually (each channel has two
entries - offset and slope - plus the identification entries for a total of
50 entries for each spiral). The program CPT was written to computer
punch the paper tape with the entry of only a few key parameters from
the teletype. For most cases, the only correction on offsets necessary
were for NOx and CO. For unusual malfunctions, the proper inputs on
the paper tape could be hand corrected.

Programs PLOTC and LISTC are modifications of PLOT3 and
LMTAS5 written to read the edited tape. The output for this program was
used for a final inspection of the data as a check of the processing, An
example of the output from PLOTC is shown in Fig. C-8 indicating the
correction of offsets and refinement of data by the CLEAN program. If
the data appear to be valid, they are released to the data analysis segment,
If not, the data are returned to the verification step and the data reexamined.

3. Data Analysis and Production of Contour Maps

This final segment of data reduction is shown in Fig. C-9.
The 600-ft reel containing the edited and verified data for one day of
flights can now be used directly for statistical analysis such as that
described in Chapters V and VIII. The tapes can also be used to produce
publication quality plots of the sounding on a line plotter or CRT tube.

Another data reduction function performed occasionally was
that of producing constant altitude isopleth maps of air pollution concen-
trations for the flights. The stratification program was used to select
data from the clean data tape at 500-ft increments averaged over * 50 ft,
Another tape was written containing the averaged data. A listing of this
tape was made for quality control of the contents of the tape and to aid the
hand plotting of contour maps for the Bay Area and the San Joaquin Valley.
The stratified data tape was used as input data to the program CONTUR
(used at the CIT computer center by W. White) which was used
occasionally to produce isopleth maps for the Los Angeles Basin.

C. Data Processing - 1973

As mentioned in Section III- D, the data processing procedures for
the 1973 sampling program incorporated revisions to the 1972 system due
to the implementation of new instruments, channel assignments, and
sampling procedures. The entire 1973 system is shown in Fig, C-10.
Procedures for checking out cartridges and logging them in after field
use were essentially the same as they were in 1972. After rewinding the
cartridges and assigning a volume number to each sampling day, the

C-12
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Fig. C-11. CART PROGRAM OUTPUT
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Appendix D
SAMPLING MISSIONS - 1972, 1973 PROGRAMS
The following tables, D~1 and D-2, summarize the sampling missions

of both the 1972 and 1973 programs. Included are comments regarding
instrument operations and special studies,
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